'What should I do if the baby stops breathing?' S L Tonkin MB ChB DCH SECTION OF PAEDIATRICS When a mother holds her newborn baby her desire to keep this new life safe is paramount and one of her first questions may well be 'What should I do if she stops breathing?'. The urgency of this request has been heightened by the publicity about SIDS (sudden infant death syndrome, cot death). Almost every parent in the developed world is aware of the awful possibility of finding their baby dead, or blue and not breathing. Many babies are now cared for with breathing monitors, designed to alert the parents if breathing stops; and these parents, especially, wish to know the most effective way of getting that breathing going again.
Parents who learn infant resuscitation are usually taught with the aid of a manikin whose 'lungs' can be inflated by expired air; so these manikins should resemble as closely as possible the non-breathing baby and permit training in the best possible method of expired-air resuscitation.
The published work on infant resuscitation is 'littered with accounts of methods now discarded'1. For the past 50 years the techniques have been modelled on those used in adults apparently on the assumption that what was effective for an adult would also be effective for an infant. Thus, the British Red Cross Society First Aid Manual of 19482 recommended parents to 'seal your lips round the mouth and nose' (positive expired-air pressure had just replaced the Holger Neilson and Silvester methods of chest compression and release). The special features of infants were not considered, and the presumption was that crises would be for drowning or inhaled foreign bodies. In the 1 960s, interest in the survival of very small newborn infants begat the science of neonatology. Numerous innovations were tried for resuscitation of these tiny babies. There was the suggestion that immersion in cold water would enable them to survive hypoxia for longer.3 Then gastric oxygen4 came into vogue, in the hope that oxygen would be absorbed from the gastric mucosa. Today, neonatal resuscitation usually begins with use of a bag and mask5. The operator stands behind the baby, covers both nose and mouth with a face mask connected to an oxygen supply, and holds the mouth firmly closed while extending the head on the neck as the bag is compressed to drive oxygen to the lungs. This technique does not appear in the advice for out-of-hospital resuscitation, which by the 1980s seems to have been based on adult methods6 the 'kiss of life'. Although the mouth was the orifice to receive the resuscitator's expired air, there was clearly a difficulty in isolating the mouth from the nose, so the recommendation that was given was to cover both at the same time. This technique was well described by Zideman in 19867 and 6 years later in the United States8 as 'pediatric basic life support'.
The presumption that infants could be treated as small adults, and the popular use of the term CPR (cardiopulmonary resuscitation), led many parents to think that the most important thing to do when they found their baby apparently lifeless was to start heart compression; thus vital minutes of breathing stimulation were lost (infant emergencies are usually respiratory, not cardiac).
EXPERIMENTS IN AUCKLAND
When we started an Auckland infant apnoea programme9 in the 1 970s we took the current instructions as valid. However, the first mother I asked to show me how she would cover the 'mouth and nose' was quite unable to do so. Her infant was 3 months of age and she was a typical New Zealand woman of 25 years. Her mouth could cover the baby's mouth, or the nose, but not both at the same time. She said to me plaintively, 'I could do it on the manikin'. Our radiological investigations of infant upper airwaysl had confirmed that in early infancy the upper airway is almost always entirely nasal, the infant mouth being filled by the comparatively large tongue. So I suggested that the mother make a seal around the nose alone to inflate her infant's lungs-which she was able to do comfortably. This incident led us to pose five questions about infant resuscitation. * How old is a baby when home resuscitation is most likely to be needed and who is most likely to need to do it? * How much of a baby's face can a mother's mouth The time at which infants are most likely to need resuscitation in the community is the peak age for SIDS (cot death) and the age when apnoea episodes are most commonly reported. Both crises tend to occur between two and four months9'11. Study I Clearly the mother was the person most likely to be on hand when her infant needed to be resuscitated. Therefore we began by asking 25 mothers to cover their mouths thickly with lipstick and press them, open as if to resuscitate their own babies, onto a sheet of graph paper. The width of the mouths from corner to corner could then be measured. Since an adult normally leans over the baby from the side to resuscitate, the width of the mouth is more important than how wide it can be opened. The wider a mouth is opened the narrower it becomes and also the harder it is to control the breathing force. We then arranged for a Plunket (well-baby) nurse to measure the faces of the next 28 babies to attend her clinic who were between two and four months old. These two sets of measures were repeated on another group of mothers and babies with almost identical results.
The sizes of mouths and faces ( Figure 1 ) indicated that an average mother could fit her mouth over the baby's nose, or the baby's mouth, but not over both at the same time12.
Study 2
By which route does air most readily enter the infant's lungs? To answer this question we sought permission from parents of apparent SIDS victims to examine their babies in the necropsy room13. When consent was given we cannulated the trachea and the oesophagus and attached them to manometers filled with oil. We then measured the pressure at which air entered the trachea or the oesophagus, or both, from a mask placed firmly over the nose, the mouth, and both nose and mouth together. Each of these three measurements was made with the head on the trunk in the neutral, the extended, and the flexed positions.
From the nose, air entered the trachea (and thus would flow on to the lungs) on every occasion. From the nose plus mouth, the trachea was entered on only 5 of 8 tests. From the mouth, only 3 tests achieved air entry to the trachea; it remained airless for the other three tests that were judged satisfactory. The neutral and extended neck positions were very much better than the flexed position for air entry to the trachea.
This study confirmed that exhaled air will readily enter the trachea and thus the lungs when introduced under low pressure (20 cm water) through the nose, and that this method is more efficient than putting air through the mouth, or through the mouth and nose combined. This study also highlighted the danger of pushing the tongue back into the airway when attempts are made to obtain an airtight seal over the mouth, since we often had to hold the jaw forward to obtain a seal with the mask over the mouth.
Study 3
The above investigation was done on babies who had died and might still have had some rigor mortis. We therefore wished to determine the best route for resuscitation in unconscious babies who would more closely resemble the unconscious apnoeic babies for whom we were concerned.
Staff Figure 2 . The standard head-tilt/chin-lift position was adopted. For each baby ventilation was attempted through the nose and then through the mouth for 10 insufflations each. If air entered the lungs the returning gas contained carbon dioxide. This was tested for on each insufflation. An independent anaesthetist also watched the babies for chest and/or stomach movements. At the end of the test a tube was inserted via the nose into the stomach to release any gas that it contained. In all 20 babies ventilation was satisfactorily achieved via the nose (the normal route for infant anaesthesia) and no gas entered the stomach by this route. In 4 of the 20 infants ventilated via the mouth, gas also entered the lungs, but in 10 of the 20 infants the mouth route delivered gas to the stomach alone i.e. no effective ventilation was obtained. In the other 6 infants ventilation via the mouth was completely blocked, presumably by the tongue, and there was no flow of gas to either lungs or stomach (Figure 3 ).
This study confirms that expired air readily enters the lungs when delivered via the nose of an unconscious baby. It also emphasizes the danger of breathing into the mouth of an atonic baby when the upper oesophageal sphincter will be lacking in tone. Not only will the air fail to reach the lungs but inflation of the stomach will push up the diaphragm and hinder further resuscitative efforts. Also the stomach inflation will cause reflex contraction of the stomach with vomiting and possible spillage into the trachea and lungs. The tragic story of one baby on whom resuscitative efforts resulted in vomiting was reported in the New Zealand Cot Death Association's Medical and Scientific Newsletter15, and I have heard accounts of several similar disasters. CONCLUSION Babies are most likely to need resuscitation in their own homes, when they are between 2 and 4 months of age. The person most likely to need skill in resuscitation is the baby's mother. She should, after attempting stimulation of the baby, breathe into the baby's nose. She should not breathe into the baby's mouth at all since this is likely to inflate the stomach, further impeding lung action and adding to the danger of vomiting and aspiration. Manikins are often used to teach infant resuscitation, but most are manufactured with only one airway entry through an open mouth. In most there is no nasal opening at all. The open mouth of such a manikin usually contains a small tongue which is not opposed to the palate posteriorly-as is normally seen when a baby's mouth is opened. The wide open mouth seems to tell trainees that that is the route for insufflation of air. Moreover, the size of the model is usually such that a mother is able to cover both nose and mouth at once. The end result is that parents do not learn the method that would be most successful for their own baby. Those teaching resuscitation need to recognize the changes in anatomy and physiology between newborns, infants under 6 months whose airway is still nasal, and older children and adults.
The New Zealand Cot Death Association and the Paediatric Society of New Zealand recommend that resuscitation for babies under 6 months be taught to all parents. The best time to do this is probably when the baby is born. It should be emphasized that this is 'resuscitation' and not 'CPR'. Manikins used to teach resuscitation should facilitate the learning of the correct procedures by providing only a nasal airway. They should also have a head and face of size and shape similar to those of an infant 3 months of age.
